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I. .° ERRORS DUE TO TEHRESTRIAL ROTATION AND TO INHERENT ;
.~ BALLOON_SPEED: ' "

vy e T

The principle of localization described in the

preceding memorandum consisted in attempting to find the.

intersection of the two cones with the respectlve vertex,Aﬁ B
and the position of the satellite at the instants t and'ifi;ff‘
't + T where the velocity vectors of the -satellite at R
these two“ihStants constitute the axes ofvthe tmo cones, - i .
"and where 'ﬁ. and - 1ﬁ5 define the angles at the vertex ;;; “Af];Mga_
of the two cones of revolution.‘ o S :M;‘tt'f“n.o
Such a localization defines the position of a ;

stationary balloon during the interval between 1nterr0gation';,f*-“7

'.and 1mplicit1y assumes as known through Doppler measurement% i

i

,;z

the angles p. and 1ﬁ¢fof the two cones. Such a succinct;
localization 1s affected by very large _errors. ‘and it

. becomes necessary, With the aid of iterative procedures,;V Jt,
o to correct the systematic errors (1) in the displacementﬁ{f,'wM
of the balloon during the interval between interrogationfﬁff'
‘T, and (2) in the angles of {3,! and" 1[3 of the two. cones;’jﬂ*
consecutive to the speed of the balloon in its mot ion B
toward or away" from ‘the balloon. '3'%”“¥"

During the time T, the balloon 1s carried along by

the rotation of the earch and describes an: arc B1 B, whose‘h
length depends on the 1atitude (cf Figure 1) S0 that the o f./?

preliminary localization is affected by systematic error ;'

and effectivelnyurnishes th'lposition of the balloon at B
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. On the basis of this first estimate, an iterative procedure
S will be outlined 1in the next’ paragraph which makes. 1t
) On the other hand, since the DOppleI‘ measurement
: in fact defines the radial velocity of the satellite in
. relation to the balloon, 1t 1s necessary to take into :
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which defines, from ‘the known position of the balloon, i . &

the angle of the cone as a function of the angle 'B

idefined by the Doppler measurement We therefore find

\
necessary a second process of information processing

and the two iterative procedures together constitute

‘the'general.problem of the restitutioniof;1ocalizationmf

X,
~

II.' CORRECTION OF THE ERROR-DUE TO TERRESTRIAL ROTATION -

2. 1 NotatiOn'

USRSV P ae

L: 1, 2 - y
- Y et the successive positions

of the balloons localized during“the‘entire 1terative ‘ﬁf

We designate as B

procedure.'

The first 1ndex indicates the position of the balloon :i‘y,?

on which iteration is carried out R | B
1= 1: the positions Blj‘converge at’ the end of the procedure E
%- toward Bl which is the!true p0sition of the balloon | f e

" at the instant t; f@ S { J;f{{aff“;»géfl ‘t,lf;f@”'

1 =f2: the positions BZJ converge at the end of the procedure

toward B which is the true position of the balloon

l’.
L
EIRN

2
at the instant t + T

first iteration-f

J =23 second iteration. ,'NJQi‘

relation_
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_ Where Slkis the position of the satellite at the : ﬂ;tﬂ'fiﬂf\;
_instant t and. Vs ,is the velocity vector of the satellite»?ff?i}{‘*);
"at the same- instant.v All angleé‘ﬁia‘must ‘be counted .~'Ef?j?;f€ﬁ 5‘
starting with the position 5y ‘of” the ‘satellite. - Only theﬁ"i* ?
. angleﬁam'-(Siﬁ , V; }is counted starting from 82 We:ffhr ) ;1
--v*i . designate as bij.thelpiojegfions-Qf;#he_PP;nF'Bij on;tyég};‘ f{ .T
fiff”' ~ .orbital plane. | | - o - | f; ti
- | 2.2 Principle of the Method | '; B
We attempt to find as'a first stage an iterative’f;ﬂ B ;f 8
N - method similar to that exposeddin memorandum no. 5 | 3
g exclusively for-compensating'the inf luence of'terrestriél;'5i' -
é: :'drotation. Let us designate as B, the‘balloon asp -

K gt atacta [ h e

-localized with the aid of the two measured values. . i
- .“'i P-m- -.to; B QL u’ |

{ -———--——h._w___,__ E L

If “we do ‘hot take “Tnto- account the speed of the

_f_balloon, these values correspond to the angles of the

rfcones. Let us’designate as B; and. B ‘the true positions N :‘;ff;ﬁ.‘
_.iof ‘the balloon at the two instants of interrogation . ;: |
4:ff(t and t + T) The point le is projected by b2lat the%i" :;
intersection of the two corresponding parabolas, b1 and. E ?
b2 are the projection of B1 and B2 and are at’ the intersec-:’t :%
~ tion of the two parabolas with the ellipse which is thehgzﬁfg i{%ﬁ%f’
u projection of the parallel of the balloon in the orbital - t i
. _plane (cf. Figure 2). The point b21 furnishes a first : A
estimate ofAthevposition Bye /On the basis of b21, we' g f

:define the. p0sitioh bll of the balloon at the instant t “




P

...on the basis of" the mag_nitude's’

-

oy taking 1nto»acco’unt terrestrial rotation. A parabola

with vertex Sl passes through thls point. and is character-

.ized by cos ﬁn S_i \ l The -point bll then furnishes

a first estimate of the true position bl and the magnitude

°°’§3 - <oy 13 = cos3 ,,—<°S ﬁ,,“: : furnishes a first estimate

of the error made in the cosine of the angle._

We start again with the 1ocalization of the balloon

Acos“ﬂtm et eos [, = cor O, + (eosl?) - ¢os 4641) ,o b
T - R Ty T . ‘. R ) L . .b . " ] . " .' T'.~L-“v"‘rl

This second 1ocalization defines a. balloon B21

the basis of this position, we define t.he-position B12

of this balloon at the instant t and obtain from this

a second estimate of the error made (=°"> P".. cos 3, )

and the third 1oca11zation ig" made on mf”the

b

magnit udes - '.f-'."' f

S
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V;°5| I ‘*?@n} tends toward zero, zzﬂv'“‘zq- &3nﬁ_t
: ‘ et e e ) ; —e —— -1
'and then /‘B an = ﬁtm\ T j-' - .

the points b tend toward the true p0sit10n of the balloon blglfﬁjr-ﬁ

1)

24 tend toward the true position of- the balloon bz

N T RN

The 1terative procedure can be schematlzed 1n thef

i,the points b

SENC
block diagram shown 1n Figure 3 where the operations - g ]
icosﬁ N cos"'i:; ; & Lo

= + - ' v _ o -
. 1& Vo ‘ . .“h” ) . . . ,
{f.‘ﬂ%n ﬂmﬁbpplem gdterrestrial o
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"33.an from the known position of the balloon:an|

“the problem, we can neglect, in regard to localization,

-9- '

The magnitudes indicated in the Figure are those obtained

prior to the Doppler localization with the ‘ald of ‘cos ﬁn:'jfyﬁ'vfﬂgfh

PR .
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2.3 Formulation

Since the Doppler locallization and completely

defined in the preceding memorandum, the complete solution~ffv"”'”

" of the problem requires the localization of the balloon C

,J'-

In the solution of the problem we utilize the T

following trihedra: B

- the inertial trihedron XYZ where 0z passes through
. the axis of the poles and OX 1is an inertial axis
‘-'of reference passing through the vernal point, 4

and the trihedron x, } 5 based on the orbital

K3 ‘J-

‘;tﬁrpplane where fw[:‘ ~4;:¢-;f“~¢*

' »O x[ is in-the direction ‘of the ascending node,

0 y is perpendicular to 0x 1in the orbital plane, and '

"»0 }J is in the direction of the vector rn' andiﬁjj

- where the orbital plane is identified bw its inelination

"

1 and the nertial longitude ’Il of the ascending node.;g..

Without detracting from the general character oft

the advance of - the perigee and the orbital precision.‘ :*‘5J

We can then take, ag inertial=axis 0X, the axis ox which

ptoit .~=.H..
. K - . ST

amounts to starting]l?

1 e g !
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balloon B1 in relation to the orgibal plane, -and as
the angle 'f:'ov,‘ _VO 5£ L by designating as Sl and S

‘ the

e e e et s e

2
positions of the satellite at the instants t and t + T.

, P
(cf Figure b/) Let. us designate as o(the angle o= ‘( Oox,
; ) '\A—‘_M
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S <: The coordinates of the. balloon B2 in relation-toiu ;

SRS the axis OXYZ are : S T T )
o . A C . . - ‘_.__ .~ R ‘,::"'...'.‘ , “.;_.

3, = R ces  con (hyod) TR

_ RS P ¢ = R (cos U cos B, Sin 0\24-4) - % L snﬂ ‘91){1 B ’.:_:,

‘R (sm L cosg, '-'\"-(.X&*'"Q 4 cos i sm‘e..) '

S
"

the inertial 1ong1tude of Bi’ .and as "
. 5 N ~‘~?~”H . ) " » '.
the balloon in the f‘orm :
o X, = R cos b, ‘eos ez F S .
Y= Riemy, s { ;
e e ' 2 n S
I, o 2 | V A , :
,3,42=Rsmp, N :
' By identification, we deduce from'this ) SR a ’ - .
Y e r:m A e e e sl _*__Nk_;_;” e __ZT “ .’,‘
’a\\'\ V| s s'r. }’z = 5\h \, co&t& s\h- A qd) 1+ €08( LR N SEN é ' FARTY
: "y Lo) 0‘ . gos\, cos '.,51 sm( Al‘* o(\ . SN SN L?t e o (:.’ i
-, v « . ke 4 Lo ‘!_ B ’
"..4, e ‘, tos \e\‘ gos(_}\“’ A'\ l ’ il .
'R cos P‘ gob 91 . : o
B cos P‘ s‘.m 94' T , A o
‘ s n P!



B f‘rom thls

and obtained _;,M__N e o

latitude and the 1nert1al longitude of 'the“ balloon B

“
a "

BT e e DD ,
Tt - -
) b

Cos L SIn e., cos Pt 4 &ind un Ve

-

‘*)

c»os 9, vcos_\)t

T eos 0, tosy_,.

gog ‘f' ’

cosx{’ =

. 5
; %

From thls we deduced

i -'q - . ';_.} -..‘.L."_a.:;.f.w o :._“.._._._ -
. e
U - .A s

‘o-‘ ]3 . eossf aim (Q T+, ..d(\

r . v<'1+u. -2 cos D, ‘-°="(l+\ *n"‘-d)

. cos [ 31N Aﬁ”—' : v

R L L) B A - v
L \/(jH-u -4u.<asq§_e°,x\
F‘,‘("T‘*——-—-~~ e _Q____*___/e.gv'.'

——_s

Accordingly, the expressions 1 and 2:__.(_16f1ne ‘the -~

expression 3, the 1at1tude in relation to the orbital?_

plane and - the orbital 1ongitude of, the balloon B1 and.."l‘-'

e @ R

2
'~ whereas the relat 1ons 4 and 5 define,_ with_.the aid of




These six formulas therefere make 1t possible to

. . oh
calculate?os $ ,,at the (n- y-"iteration when we know

the pOSition of the balloon B2 1)th

By )

2.4

the iteratilve process, we investigated, with the aid of

)

;13;

-

at the- Cn

. Convergence of the_ iterative procedure and resultS?:pf?:T

In order to verify ‘the satisfactory convergences of

iteratlon = G/

the,arithmetical program (Annex l), the error of localization(fj L

in accordance with the position of the base.
purpose and for a given distance from the trace, the

localization was calculated for all possible bases beginning s

with the bage at the limit of visibility.

the successive results for an interval between interrOgation
of 195 sec and a balloon located at 15 from the trace for
~the case where the first interrOgation takes place at the‘

5.

1limit of visibility.

For this

Table 1 groups J"

base 1 symmetrlcal base 3 base 4| base 5. °
. ns 3 ~ tbasee :
position of thecbase ' ‘ 1 ~ - N d
Me (52, 55) ~0,03880 | -0,0986935 -0j 5e81 -03563® ~-04200d
Iocalization 1 | 176,448° | 143,539 131,156 | 77,774 54,265 |
localization 2. u)_5 210 . 7,664. | 8 ,821 |-.5,997" |'3,760 o
localization 3 | 10,163 0,372 |- 0,589 | 0,481 |0,220
localization 4 | 0,029 0,032 | 0,085 | 0,044 |o0,186.
localization 5. | - 0,020 0,042 | 0,156 | 0,011 |o0,135"
localization 6 | - 0,015 0,022 0,033 | 0,035 | 0,223 "
localization 7 - | 0,004 0,022 | 0,033 | lo,064 | .
localization 8 ' ' : | 0,007 N
T = 195 sed T e, Mﬂ6t561so1 rad - 159f :
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. o X
The convergence of<the process 1s snown to be very. .

'SatiSfaCtory and remeins on the average less than 50 m af& :;;ﬂf\?w;

*after 6 iterations which is very satisfactory. However,

the limits of accuracy of the arithmetical machine,

particularly in the iterative calculation of the locali= .- [} " .

PR I

-zation of the balloon, do not make 1t possible. to

anticipate. greater accuracy.

On the other hand, it Will be noted that the errorrfgaiV;jﬁ]“.

‘due to terrestrial rotation varies greatly with the base ;ﬁ'w~
utilized and in a continuous manner. Very high (on thef?;

order of 180 km) when the satellite is within sight of ..

the balloon, 1t decreases rather sharply and is on theariﬁf

order of 50 km when'the balloon:leaves the zone of

visibility of the satellite.. However, in spite of a veryr¢;1577

S S N RSN
R S O

large first error, -the iterative process utilized makes"‘

it possible to compensate the influence of terrestrial NJ.'*

e ey,

TN
‘._".»;-»3.' N
I !1‘.

.rotation very satisfactorilyf,‘

ITI. COMPLETE RESTITUTION OF LOCALIZATION BN

3.1 Notations , . . - = <
From now on Bij

‘balloon obtained after the iterative process of compensation

‘designates'thefposition of the

for terrestrial rotation { = 1, 3 =1,2 e n where‘f=
) first index characterizes the balloon at the instant ' |
t (i = 1) or at the 1nstant t +T. (i 2), and the second

index defines the order of complete iteration.

? WeSmwTmTTEE AT e s w ommrm s
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’ ! . ’ . R :
J = 1 indicates that the first iterative process ', @

N . . X T

of terrestrial rotation has taken place~and'that the
‘process itself consisted of n?iterations; the‘sign *

indicates that the influence of the balloon speed is not'

taken into account in the localization and the compensation - lf}fﬁf

of terrestrilal rotation. .

By analOgy, Bij'designates a'balloon performing :jf"

under the same conditions as the fomegoing and only the?;?f"':"

elimination of the sign * indicates that the speed of - °

approach of the balloon was taken into account.

1J ‘and .B, ,* are, associated the -
- ’(,

With the points B 1J

) T L :
_gﬁ velocity.vector of the balloon Bij*

LT . [T A

3.2 Principle of the Method :Hi}'ifi

= e % e-f:cs;?« H 60913

On the basis of the magnitudes ch '«él-’r‘ o

L et O St
- e

measured by’ the Doppler effect at the two instants of

interrogation t and t + T (magnitudes not corresponding

to the cone angles), ‘we make a first, elementary 1ocalization :

(memorand um No. 10) followed by the iterative process of..

compensation of the

.:__‘{

", At the end - of this operation, We obtain. the’position Bll

21
*
we know Bll and B21

and B #* of a ballOOn at‘the instants t and t + T, When

':amth defined in the preceding paragraph.l
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in consideratlon of the speed of the balloon at thesge

e . 2 v
W : . . -

two instants o . ,35l~'_ N S

A f

2 *cos 3, ”;'co B* N N ¢03Y* “,' -
s S nw * /V \'v ’
T - s-z Fo S
\ co - * bon? e P T R UL
\ 3 ,3: T cog ‘E’“ + a,,// Ces’S ( - e
S~ AL Lo T

’Welthus obtalin a first estimate of the cone angles. On .
) . i . .

I the basis of gfijaﬁ and*’kosfgkf;lwe start on a second

elementary'localization,and a'second process of compensation ;:ﬁffﬁf

.y

of terrestrial rotation and obtain at the end of the

operation the’positions B12 and B22 of the balloon which

\furnish a first estimate of the true,poSittons of the 1§f3;ihﬁb

balloon at the two instants. o ' f" _ 'ﬁj? Qlé”"??Ff
On the basls of ‘these two p0sitions obtained from® 'ﬂﬁ.ﬁ‘;gii
a frist estimate of the. angles of the two cones,,we }tﬂ-;- lifil.
- Calculate the Corresponding values measured by ‘the Dbppier »i,.f;fdg;

effect in consideration of the speed of app oach of the




and start on the next process with the aid of ) o _

';the balloon B at;‘ the..

ftcs '3
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or more generally E SR ' SR
cosﬁm = St T
e _] R i
\cos § - y ! — . cos . i .
. (] H -

Figure 5 schematizes the different operations used

in the general program of restitution of the data.- The'.{,:

P
process converges in order to cancel the errors ce\;ﬁ,, -cos 3

‘.ﬁ.'.-..._-..

and::s’s - o5 3_ hvghen the two magnitudes are zero. Thep_."'

posltions Bl and B2n represent the true positions of
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- On the other

On"the.

l> !~ ‘v
ﬂ’" -
-19=, ;
v /.
) ;
3.3 Formulation

Referenced to the trihedra OXYZ,n-the~-cooI‘d1nates :;.;-

"B, , (cf. Figure lL) are as

-of the polnts Sl’ 2’ 1 2 V- . . -,;1”'

follows: Lo ‘ T o S
Y U Rt SR 13\ QQ,Q“ n ~\
@ K \\R4-h> s S 1) i .
fo ' \ e
%’ f‘?in »mo( ER + 1/5\\4'9( Q’V\ e

i

9"

R cos 1 eos ’kzad\ o
3 1 wn&s(n\/\ucﬂ ' B, "‘*cos\e sm( ,+o§- £ >

N ;’R sin @, L 'RS\n\': | o
o —— w__‘_‘___w_"%

EPU RN, o . ‘., "
BRI

R0, cos' P ~(Rs h)cosfd-ﬂ 'T\
—

S‘elﬁog tld) (ﬂ‘k)((isd
S B, R eosg, s:n\‘) ('qu\ma\n(..ﬂ,.

’g; R tosq ain | A._u{\ (‘Rtk\ smd.

“u

hand, the coordinates of the vectors \\(b
l

[

anan bd . .' ' ."‘S|slh \
Y—B\(Oiet(0$u o v ('/'B‘cbf e; CUSL

-'sV's[ ’053 $in n.\

- 'V-bi cox@ sin L

e

T % ‘l |\55l ’Rm (Os\. avee S‘r\) sm\cosq‘ s\\ szﬁ>gw'\goco<f'

s mTemgT te




NS

[\3 ‘ 0¥,z ]V‘] ‘.‘m ¢ ‘“W" "s‘ff -u '°"\4 -T2 \+cosé.cosi- \‘Osw sing oy ....u -ﬁs'f'))f . |

-ceg@ n\snlﬁ)/ . o .,,

/ o :‘:

.
o » . .
: \Vgl‘!cos’.s‘.- l ﬂ(-smﬁ itos1s tosy, -u.cos'v‘\‘l-&- 59 .osc-\-osu St - us'n&) 4/

[t

N o -tosé sm-%"'-o\ . R L
SN o ) Ii . v R

i j;,;‘JIDf: 44"& 2!1. cos (4 nsT> Cos‘Q‘ <os ‘1’4 !u sm\d n,-r) ‘°"9| ‘.“’(?': . (
S with] . B
‘and 'We have‘ ' ‘ B
L - i!k‘°5‘31 = cosﬁz . cos B, avec ¥8, e Wecos b, "_~.u_"‘R4~h‘;l ERE
o N . Vs ) . , v T .,R. S
L ' R ‘ : '. . 3 nsl‘- . . _ H .
On the besis-of the positions B2 and B,° localized by the :
magnitudes uq,}B\ and Qos \, these formulas accordingly
make it possible to define the "mea sured magnitudes cos R/ s
and 4@;@’* : inversely. L. B
TR P Convergence of the Process and Results ST

SRR St iy

The 1terative process of complete restitution of o Rt

the localization was simulated on the arithmetical computer. |

In the following two paragraphs, the computation ‘program -“;._‘ _—
and the PAF program are reproduced. Table 2 reproduces RS
the intermediate results of the different iterations and

illustrates the'rapid convergence of the prOcess.




-21-

| ) f .
An intermedlate computation program defines, for

a glven position of a balloon (F, = 0.261801%= 15° ; je;aLff’
"L, = 0.03839570), the two magnitudes ‘cos 1/3 land cos B/l

2
given by a DOppler measurement wheTr'd" wind 1s asgumed as

e

zero. By reintroducing these two magnitudes in the fi’iﬁﬁ’

iterative program, we,intend‘to restitute the exact

position of the balloon. . | o
The first iterative process‘ineiuding terrestrial

rotation requires, in‘the example'selected, 9. iterations

and the second process,,including both terrestrial'

rotation and the error of measurement, requires 6 iterations.

On the other hand, the overall 1terative process requires

3 iterations and furnishes the effective position of the

balloon-with an accuracy-on the order'of'lO 6. " The fa7b

convergence of the process is very satisfactory and

v

relatively rapid in consideration of the elementary time. ?;Pn“‘

of - computation for the preliminary localization. The

process has been tested for different positions of ‘the. ¥ T

i ,“'. . e

- i
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itrue position of ‘balloont -

g o ) by g g b g g ] g A

—

Cy = 0,54532814 | ~ C, = 0,15268245 | F,=0,26180100 L,=0, 03839570
[F5 = 0,303510 - L,=0,057184 | |
"|F, = 0,276243 - L, = 0,052488 F,=0,274672. - | L,=0,051660
F, = 0,275371 Ly =0,052341. | P =0,289155 | L,=0,041931
| Fy =0,275340 - L, = 0,052335 F,=0,262610 L,=0,038498
o = 0,275343 L, = 0,052335 F,=0,261793 | L,=0,038397
o = 0,275.338 . L, = 0,05233. . F,=0,261832 | L,=0,038400
» = 0,275342 L, = 0,052335. | F,=0,261801 | L,=u,038395
5 = 0,275335 L, = 0,052335jj. 32=o?261801w,' L,=0,038395
2 = 04275349 - L, = 0,052336 = |position _ o
, = 0,275334 L, = 0,052335 |Of the . -
2 = 0,263268 Lo = 0,035141" 'localization
5= 0,262477 L, =0,039039 | T LT
5 = 0,262458 L, = 0,039036 L
5 = 0,262455 L, = 0,039036 . o
, = 0,262455 L, = 0,039036 |
F, = 0,302808 Ly = 0,056446
F, =0,275570  "| . L, = 0,051810 "
F, = 0,274698 L, = 0,051664 s
: F, = 0,274677 1j L, = 0,051661 J
F, = 0,274674 .- ‘L, = 0,051661 N \ ,;ﬁ5.-2
Fy=0,289155 © | L, = 0,041930€a' & TN
|F, = 0,262612 | 1, =0,038498 . pa%IE‘g{j)
|Fp = 0,261795 " | I, = 0,038397 * -
F, = 0,261837 " | - L2’=j0,038401i»‘ B
F, = 0,261801 | L, = 0,038395 - | . N
F, = 0,261801 " L, = 0,038395 -
P, = 0,302803 : I, = 0,056445
F, = 0,275568 L, = 0,051808 .
F, = 0,274697 " L, = 0,051663

P
» B
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TLTETY 5
R O N
AN e e, g

v




o ’ RQS]_

Ca Iiri;qlate Ca=lla+H1-Ca|

—23_ " Lo ' ‘.. '
3 . kY v . ; .. _',4
. N . ": ' .
3.5 Data Restitution program (Doppler effect) .
_ Enter Date, |- - . el | ¥
C1=C08A, C2=C0S B | Lo R
’ S T 4 B = '._ ‘ l‘".r‘ .
. ¥ S . N - ) .
. Calculate UGWQY'. f
o . ) e
X DR
glI=Vs=C;y ‘ )
Hg=Vg=C2 '
Fg=Fg=Fo=Lo=0) 5
Hy=Ha=C; 3 ) ¥ .
Ho=C»o

A

calculating

[Iterative Program
. for 4

'.' R ¢

/-

" localization
J .

Fa=F>-E

F4=Lo-Do-B

" R]<€

v Ifu>g
Lo=D>+B

Fo=f | -

. r
Cachulate 0Jz2 Zg Cy

RIZE T

Calgulate Jy Fqp Iy

———{R.S2 |

v

éféte Fs=F2
L¥ Fg=L2

R

’xQ,J,C ulate A Jé J4f<—~—-—— .

_o|Zy=H; Zo=Co| -

—_— FTHILE !
‘Ca 1c ulate 0 JQJ

. }Pi%in'_tf:] ‘

. :iﬁifiéj’a'ﬁai‘;stofé.

.-' " . ‘: -
RoSS : UAI)?
1< ¢ n.me

>0

RQS4

s
Va=Cj V,=Co
‘C1=V5+H5-Vé

Co=Vg+Hg=Va -

‘V5=C1 Ve=Co | - 1

X

s e R ET R S U
A . b - . :
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PROGRAN FOR HESTIPUPION OF LOGALIZATION . « # '/ i

ReadClCZSTMB

State'lis=Cy Ha—Ca v5=cl v6=c2 F5 =0 Fe " ?2 o 94 =1 Lo=0:

Calculate U § w Y[

vt -—.-;'

State Pa—l H:,_c1 112—02 Hl—g

e g e, A

Statea(13uuo)=c,, (131»&1)—02

Interrogat ton

Program 1()0 (),, o

>11 Go to 214

IfP
3

Make Ps-.P3+lF

Calculate o-( cos Fg)( SIN La)( sm M)+( sm Fg)( cos M)
Calculate{,ya'_ ARG o (({¢os” M)( cos Fe)( ST xe) ( SIN M)

-6CDPVF L ZH T R e

- s/6400 . " L ‘

2V(398599/83). vi o .
(1+ )20 50 0

YU - ;

= GT .

( sIN Fa))/( cos Fz)( CGs La))

o wmm - am



20 »Calculate’Ca H3+H1-Cl. 'A o

21" State. CrCs da-Ca F' g

37 state 13

25

. PROGRAM FOR RESTITUTION OF LOCALIZATION (Continued) ____.. & i .

18 Caloulabe Zae ARC TG ((( cos M)( SIN (J==0 ()()()()Z268T)
L W(1-0))+0 sné 1) /( (cos (J2-0, 0%‘3;7)2)(\]())%1))( s )
19° C;=( €GB [J2-0,000072 1 -
9 Caclo%uézg?mlﬁ-w( cosz(z6+Y 33)( oS (Jg-() ()(x)(ﬂeéer)?(j (1-04))/ ¢
oS Zg)) | .

22 . Print with 6 DEC RC Fa TAB Ier

23 | " Go to 5 ‘ 'f‘ ‘, .‘_~'_;:- - .,j
24 State L1“Zs - © '.}'- L i P

25 ° Calc ulate"J]_-Jz-O 000072681"

26 - 'CalculateFl— ARC cos (( COS Ji)(“/(l Q4))/,"0‘3 Ll)

___‘.._._n'

29 . Calculate: J3-F5-F2 L f C

30/, .CalculasJ,«—rs:'f;f Lo -
317 '-.,State ’B-—Fg F6=L2i

3244 If |J3|<() oo(xx)e SI |J4|<0
'r"-.»ﬂ-:"r If‘ P4> 11 go to 50
Make P4_P,+1: |

B ,;'::.State Zl—Hl Zz—Cz I‘l‘

.-.4Calcu1ate c,_zp»o <xxx>7268(\l(1 02))( (st J,)(( cos Fi)( cos L,)
L. =UCos (B-Y))+( COS J4)( ¢0s M)(( cOs F¢)( SIN Ly)-U SIN (B-Y))-

( cos J3)( sIv M)( SIN Fy))/+cW (1+U2-2U( €Os Fy)( COs L‘)(

|, €oS (B-Y))-au( Cos F ) SN Le)( st (8-Y))) -

,,,,,

38 - Make Y=o¢'
390 If 14 2 go to 36

Lo Calcu{late;‘y_;_cq-‘;;., v




st
o

PROGRAM FOR RESTITUTION OF LOCALIZATION (Continued) IR

41 stateY=[Y|'e L oo e

.42  State'G==G'

b3: - If GO go'to bl i il e s

Rl A

ks Calculat e.i;q"l_i\'ls}ﬁs':\jagﬁy :

46 Calculate!Co=Ve+lg-Veh

v

47 State Vs=Cy Ve=Lp[*"; {77

48 Interrogation - v . - el L

49  Go to b . . Bl
50 Calculatef"fc‘)r‘-is(')(':“sRC' SINB)/* |

51 Caloulate Ul80Js/i, i -

52 Print withfg DEG O TAD Ja RC BC)
53 - Go to 1.k
END :

o VERIFICATION PROGRAM '

IR IF RN

101 Read Fe ST MBI v
102 - Print with(§ DEC RCS TAB T TAB M

, L P A SR
© 103 - CalculatelUGWQyY' ..

Lo rLer

‘104  Calc u_lat'evjl,ﬁxjx ARC gos (J:/UCm Fz)

..... B

105 statelasl; S | |
106 Caloulate[o=( 6os rz)("SH La)( ST M)<( stii Fa)( cos 1), {
107 _CalculatelJa= AHC TG (((760s 'M)( 666 F2) (ST Lo)-( ST M)( SIN E2)’ &
CMCoos riCoss ted) L L ST W (st B

.. e

: R “ :
3 . w0
i

108 Caloulate Za= 3RE 6 ((("COS 1)( STir (Joc0 000 mEsn) i rs cony - -
40 STH M) /(_CO8 (3220, 000072667) ) (4 (3 ae )5 ORT268T) Y (1-02))

po
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. VERIFICATION PROGRAM (Continued)

109 Calculate ¢,=( €05 (J2-0,00007268T)) (F (1-0°
“( cos ZeN(l+Ué-2U( cos. fzsw))(ncos 23§-f>"<><)<)3)3,§53§‘>')f5

Y) : e
(1- 24)/( cos Za))
’110: Calculate‘Ca-( cos Fe)( SIN Le)/*’(l"'Ué-zU( Cm Fz)( €05 le)) o

111 - State Ll-Ze! . SR '
. 112 Calc ulate\Jl-Jz-() 00007268 |

v1131 | CalculatelF:L— ARC cos (( Cos Jl)(sl(l 02))/ cos Ll)

114  State z1=cJL z2=c2 110

115, f’éé‘é;‘l?f:i“’g‘zﬁ" ()(:;2)572\%8((2/ (clgso?-))( ( SIN 34)((_C08 Fo)f €08 L) . "
(o 50)/-085( ué-au( s )¢ 068 Lo gés)+¥)§§g(Yc):oé gf?féﬁ i, j ’
116 ‘Interrpsatign'g ST E
117  State¥=0] Ly T -
118 Make’1-1+15" | ‘
119 ° If I<2 go to 115 E ._
120 Print with 8 DEC 01 TnB cé RC‘ |
- \1211"', Caloulate ¥ :
122 ’.StatePr-Fg P2..L2

123 | Go to 2

124 State Fa-Pl 1'-2.4?2?'
125 “Calculate GA'Ys
126 -If L, -A go. ‘to

127" " Make},zgr_’ai‘ (

128"~ Go to 106"
1 " Go to 124
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LOCALIZATION PROGRAM .
100,08 {0 sFIRe mzR7eT o i
'mams,30; - L .~ A6FR3PL w. SFIFRTHT b R .
MENG,0 | (. /1hGER2NL S 5T SFLML05.11 ¢ EVSh P PR
A2ERL b Tmmas . kad x T g EVS3 g B
- MF2R1 . - YFER). . ! . RYS2ANL - - EV25 e .
AIEML05,1 | ”‘Alsﬁ:m ©|"-K{ AIERSPS . EV30 L
A3ERL = GRIEMLOS,204 4 spypasTs KDL EV3S ;
' MF3R1 « '. 'A2ER6 35?’1‘{],(/) 12 EV23 ¢ ‘
A1ER2 MF2R6 RVbGaPL [ -EvssEvel | T
SF1R3 e AFIR2 vi7IARCIR6 L. . EVAh
CAIER3NL TAIEVON. Wy ATiEin 05,18 ALEMLO5,0 S
Amem U YFaRL ©E dnemnga, o1l - AZEMLOS,1
| v UAIEMIO5 224 [ s 37 E S TRIEORE S
AhEmsa 90 ./ AFIR2 By ) ., EV30 P
. ASERL L . jQF1RG6 ' O
MFSRU ‘ SFRERL Mg )
 SF5R1 ; AAF2EVL BN
. RVL0,(AN5 | CRVL.0, (A2 A
" AUEMIB2,9L |- ARC2R.
‘' ASER2 Foii o IALEMLOS, OF .
" MFSRU4 CTA1ER2PI Rmao 1 -
: Tsmos,aa SF1ER2H1 1X a
' MESRU B T1ML05, 9+ X, o Lo
' A6ERS 'RV67AY1S5 X,
| MFER2 15EV1 X
' SFERS o Bvh7A ‘ X Lo
- 8F6R2 : ATEMLOS,9 o
L TEML05,20 | SFTMLO5,10
X . smmee 98 -
. SF1ZR6 RV7SAYS e
' ASER3 RV10, CANT RS
. MFSRY4 As5EM.82,96
I TSHL05,23 . 'SFSR6
.1 MESRY ”FSVE
i AGERS AJFRT - 37
| MFER3 FIR;
| 8FERS -
i SFER3 RVEB2AP; E
+ TEMLOS,2L - 'SF1ERS
SF2ER6 ~
: ‘ASEV()
" A3ER1

R e a2y
TTET -

§




v, CONCLUSION
On the assumption of zero wind, this study shows
-the possibility of restituting, with the aid of an
iterative process, the exact position of the balloon
‘by taking into'account the systematic errors-due to
terrestrial rotation and due to the DOppler effect ltself.
The accuracy obtained on the order of 10 -6 is very
satisfactory but requires a relatively prolonged time
of calculation since the elementary looalization.of the -
"balloon by the DOppler measurement requires iteretion.if;

Subsequent memoranda will investigate the influence of

the wind on. the localization of the balloon on the
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ANNEX 1. _ TER)RESTRIAL ROTATION o "' "&:.
- RESTITUTION P PROGRAM (DoPPLER EFFECT) - :
‘ U = s/6400. , S | | o Lo
e =J'(39es'99/s3>*f"'i.-?': SooER LS L
v

3 B
50 :

. 51
' 51.1 , Statei —1 {' ’

. A 55“;;‘ Go to u‘ ' -. ’ . . ) ] o ::.3:1 'v' . 7’-:“ X }:w. . _;‘L—':"” ) ‘ .
Calculate 0-( cos Fi)( SIN Ly)(" sm M) sm F;)( €Cs M) o

-;iCalculate'J— ARG TG ((( 608 M)( 608 F1)(SIN Lz) s m)( ST F,))'
- /C_cos Fy)( COs. Lx)) e .

: B ca1cu1ater“z- FRET6((¢C s M)( ST (J-() cxxxr(asar))(J(l 02))+ .
.- esm M)/( €08 _(J-0,00007268T))(V (1-02))) | Ll

S Caloulate Gio( 608 (-0, 000072661) )W (i SV (ST (2eaT) )/ cos z)
‘ _J(1+ua-2u( cos (Z+G'I‘))( cos. (J..o (xx)()72681'))( (1 02))/( cos z))

: t.\ ‘1
RN

If I L go to 11 i




12
A13;
14
15
16
vl |
18

19

20
21
22

33
3
35
36 .

) '
CANNEX 1 - (Continued)

.StatelI=1 C1=Ca. Ps¥Cs_i
Ir v, $> Q 20 t° 52.-

.Go to 13

’ 'Calculate‘N—UZCg -(1+U2)Ci +R2

»~‘:If B?O go to 35

iy

-3 ]_7,'..;

Statevi-lcil\ .'j:;f'f

‘ Calculate Pz”’(l/Ua-«?C; +(1+U2)012) W

If 131,586 t0719 .iékf,'v EAE

Make I=] I+l‘ o

3,'

State R= PLI‘l

...._.__.‘ Potty

If P1>P2

_If P 4 P State R-Pg I-l‘

Make' :(—(W-R)/Zf

Calc ulate B-rK

Ir Béo;--mq;;ehz;x = —K/2

" .

Y
fon
¢

Make R-R+K

State 1111"&‘-'

A



N ey s

K B a’a 4 o = 3 =

37

39
40
41

42
43
'44""
45

= Q06

Calculate E- ARC CCB R o L

Make I= I+1 t.v |

'Inclination of orbit
'Geographic latitude of balloon

?ty(Geographic 1ongitude of balloon

ce ik -

_325.

- . oo
» . o i

, g %
ey

3 ) i . ! ‘ PR
ANNEX 1 - (Continued) "% . S

If|A|>o 0000005 g0 0. 22J RPN ERTI

State Fol IosDa| @ -

_Calculate Y= 6&0(\/(}2 (Lg-L;) +(F2-F1)2)

Print With 6 DnC BC La THB L1 TnB Fz Tr.B F1 TfB Y

0o ’4 L] A } ,"/

If Y<O, 030 go to 52

Goto 4 . oo Tl
END - e o S
NOTATIONS

Radius of satellite orbit

Angular.velocity of‘satellite

Orbital latitude of balloon

Interval between 1nterr0gationu

’




